ESD PROTECTION APPARATUS AND METHOD FOR FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an ESD protection apparatus 
to be installed in a semiconductor integrated circuit chip in order 
to protect a semiconductor integrated circuit from electrostatic 
discharge (ESD) and to a method for fabricating the protection 
apparatus . 

Description of the Prior Art 

^conventional ESD protection apparatus in the CMOS process 
generally protects a semiconductor integrated circuit using a 
MOSFET transverse parasitic bipolar transistor by releasing the 
electric cu\rent in the transverse direction in a silicon substrate 
On the other Mnd, the ESD protection apparatus has been required 
to be further mViaturized since the number of pins to be mounted 
on one chip has beten increased sharply following the recent acute 
requirement of development of semiconductor integrated circuits 
made finer. 

BRIEF SUMMARY OF THE INVENTION 
Object of the Invention 

However, as the miniaturization has been proceeding further, 
the electric current concentration and electric field 
concentration upon the junction parts has been increased more, 
so that the ESD protection apparatus has sometimes been broken 
owing to the heat generation. Therefore, there has been a limit 
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to further improve the capability of the ESD protection apparatus . 
Further, the gate insulation film of a CMOS transistor has recently 
been made thinner, so that the gate insulation film sometimes has 
been broken before the ESD protection apparatus starts operating 
(reference to FIG . 33). Consequently, it has highly been expected 
to develop the ESD protection apparatus capable of triggering at 
a lower voltage. 

Hence , the present invention aims to provide an ESD protection 
apparatus in which electric current concentration and electric 
field concentration upon the junction parts hardly take place even 
if miniaturization is advanced and which is capable of triggering 
at a lower voltage and to provide a method for fabricating such 
an ESD protection apparatus. 

Summary of the Invention 

The ^SD protection apparatus of the present invention is to 
be installed between a pad of a semiconductor integrated circuit 
chip and an inker circuit of the semiconductor integrated circuit 
chip. The ESD \rotection apparatus is provided with a trigger 
element comprisin\a diode to be broken down by overvol tage applied 
to the pad and an ESrarotec tion element comprising a longitudinal 
bipolar transistor f o rWscharging the accumulated electric charge 
of the pad by being elec^ically communicated attributed to the 
breakdown of the diode (c^im 1) . 

As compared with a transverse bipolar transistor, a 
longitudinal bipolar transistor has a wide junction surface area 
for the same occupancy surface area, so that even if miniaturization 
is promoted, the electric current concentration and the electric 



field concentration hardly take place. On the other hand, a diode 
is easy to set a desired breakdown voltage by changing the impurity 
concentration. Consequently, an ESD protection apparatus in 
which electric current concentration and electric field 
5 concentration upon the junction parts hardly take place even if 
miniaturization is advanced and which is capable of triggering 
atalowervol tage can be obtained by utilizing the breakdown vol t age 
of a diode for the trigger of a longitudinal bipolar transistor. 
A f irs\ practical example of an ESD protection apparatus of 
10 the present i\vention is as follows (claim 3) . The pad is an input 
terminal or aA output terminal. The trigger element comprises 
a first and a second diodes and a first and a second resistors. 
The ESD protection element comprises NPN type first and second 
longitudinal bipolar transistors . Regarding the first diode , the 
15 cathode is connecteXjith the pad and the anode is connected with 
the base of the first longitudinal bipolar transistor. Regarding 
the second diode, the cathode is connected with an electric power 
source terminal and the akiode is connected with the base of the 
second longitudinal bipolar transistor. The first resistor is 
20 connected between the anode\of the first diode and the ground 
terminal. The second resistoXis connected between the anode of 
the second diode and the pad. Regarding the first longitudinal 
bipolar transistor, the collectoXis connected with the pad and 
the emitter is connected with the ground terminal. Regarding the 
2 5 second longitudinal bipolar trans istoX the collector is connected 
with the electric power source terminal arkl the emitter is connected 
with the pad. Incidentally, at least ekher of a first diode, 
a first resistor and a first longitudinal \ipolar transistor or 



a second d\ode, a second resistor and a second longitudinal bipolar 
transistor rby be provided (the same is applied also for other 
claims) . 

A sec\nd practical example of an ESD protection apparatus 
5 of the? prese\t invention is as follows (claim 5) . The pad is an 
electric poweX source terminal. The longitudinal bipolar 
transistor is NFN type. Regarding the diode, the cathode is 
connected with theYpad and the anode is connected with the base 
of the longitudinal bipolar transistor. A resistor is connected 
0 between the anode of th^ diode and a ground terminal. Regarding 
the longitudinal bipolar\ransistor, the collector is connected 
with the pad and the emitter i!fi connected with the ground terminal . 

An ESD protection apparatus of the present invention may has 
the following constitution (clam 11) . The trigger element 
5 comprises, as a diode to be broken^pwn by overvoltage applied 
to the pad, a first longitudinal bipolar transistor whose collector 
and base work and which discharges the accumulated electric charge 
of the pad by being electrically communicated attributed to the 
breakdown, of the diode. The ESD protection element comprises a 
0 second longitudinal bipolar transistor for discharging the 
accumulated electric charge of the pad by being electrically 
communicated attributed to the breakdown of the diodeV 

Practical examples of this case are as follows (clain^s 12, 
13) . The pad. is an input terminal or an output terminal. \The 
5 trigger element comprises an NPN type longitudinal bipolar \ 
transistor A and an NPN longitudinal bipolar transistor B working 
as the first longitudinal bipolar transistor and a first and a 
second resistors. The ESD protection element comprises an NPN 
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type longitudinal bipolar transistor C and an NPN type longitudinal 
bipolar transistor D working as the second longitudinal bipolar 
transistor. Regarding the longitudinal bipolar transistors A, 
C, the collectors are connected with the pad and the bases are 



^5 connected with eaotfi other and the emitters are connected with a 
ground terminal . TWfe first resistor is connected between thebases 
of the longitudinal bipblar transistors A , C and the ground terminal 
Regarding the longitudinal bipolar transistors B, D # the collectors 
are connected with an electsd.c power source terminal and the bases 
10 are connected with each other\md the emitters are connected with 
the pad. The second resistor ^connected between the bases of 
the longitudinal bipolar transistors B, D and the pad (claim 12) . 

The pad is an electric power so\jrarce terminal. The first and 
second longitudinal bipolar transistors are NPN type and their 
15 collectors are connected with the pad andkheir bases are connected 
with each other and their emitters are qonnected with a ground 
terminal. A resistor is connected betweenVhe bases of the first 
and second longi tudinal bipolar transistors aim the ground terminal 
(claim 13) . \ 
2 0 The conductive types P and N may be taken as ravers e conductive 

types N and P, respectively (Claims 4, 6, 14 and \s) . Even if the 
P and the N are reversed, the kind of a carrier aldme is changed 
and naturally the same function can be realized, rncidientally , 
when the longitudinal bipolar transistor is taken a\ PNP type, 
25 the positions of the diode and the resistor are replacedWith each 
other. \ 

The diode may comprise a single diode or plural diodes 
connected in series, the overvoltage may be an forward voltage 
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for\the diode and the breakdown may be a substantial breakdown 
by beting electrically communicated (Claims 2 and 7 to 10) . The 
diode forward descending voltage is, compared with the breakdown 
voltageAhard to depend on high impurity concentration and a low 
voltage, \onsequently, by selecting the number of diodes to be 
connected iiXseries, a desired substantial breakdown voltage can 
be accurately \et. 

In the ESD protection apparatus according to Claims 11 , 12 , 13 
and 14 or 15, the Collector layers of the above described first 
longitudinal bipola\ transistor and the above described second 
longitudinal bipolar transistor may be as simultaneously formed 
(Claim 16) . \ 

In the ESD protection apparatus according to Claims 11, 12, 13 
and 14 or 15, the above described first longitudinal bipolar 
transistor and the above described second longitudinal bipolar 
transistor may have a common coMector layer (Claim 17). 

In the ESD protection apparatus; according to Claims 1, 2, 
3, 5, 7, 9, 11 and 12 or 13, the longitudinal bipolar transistor 
or the diode comprises all or some of: a^first N'type well formed 
on the P type silicon substrate surfaceXa second N'type well 
adjacent to this first N'type well and formed\n the P type silicon 
substrate surface; a second N + layer formed on\his second N'type 
well surface; the P'type well formed on the fi\st N'type well 
surface; the P + layer and a first N + layer formed on tMs P'type well 
surface apart from each other; the insulation material installed 
between these P + layer and the first N + layer for preventing the 
electric connection with the P + layer and the first N + layer, Mierein 
the second N'type well and the P'type well may be insulat\d by 
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the insulation material for isolation and the P type silicon 
substrate aaid the P"type well may be insulated by the insulation 
material for\solation (Claim 18) . In this case, the conductive 
type P and N maV be taken as the reverse conductive N and P, 
respectively (ClaWi 19). 

In the ESD protection apparatus according to Claim 18, the 
P + layer and the firsthand second N + layers may be formed 
simultaneously with th\ P + layer and the N + layer of the CMOS 
transistor constituting me inner circuit (Claim 20) . The same 
10 is also applied for the ESD protection apparatus according to Claim 
19 (Claim 21) . \ 

In the ESD protection devioje according to Claim 18, a second 
N'type well may be formed simultaneously with the N'type well of 
the CMOS transistor constituting tne inner circuit (Claim 22). 
15 The same is also applied for the ESD projection apparatus according 
to Claim 19 (Claim 23) . \ 

In the ESD protection device according to Claim 18 or Claim 
19 , the insulation material may be a dummy ga^sor a mere insulation 
material formed simultaneously formed with the^gate electrode and 
20 the gate insulation film of the CMOS transis torVons ti tuting the 
inner circuit (Claim 24) . This dummy electrode oAthe insulation 
film may be formed in a ring shape on the silicon subsujrate surface 
(Claim 25) . \ 

In the ESD protection apparatus according to Claires 1, 2, 
25 3,5 and 7 or 9, the diode may comprises: the N'type wellVormed 
on the P type silicon substrate surface; the P + layer and the N + rkyer 
formed on the N'type well surface apart from each other; and tfee 
insulation material formed in the inside from the above described^ 



P tybe silicon substrate surface between these P + layer and N + layer 
(Cla^m26) . Inthiscase, in the ESDprotection apparatus according 
to Claims 1, 2, 4, 6 and 8 or 10, the conductive type P and N may 
be the Reverse conductive type N and P, respectively (Claim 27) . 

In mhe ESD protection apparatus according to Claims 1, 2, 
3, 5 and 1 or 9, the diode comprises: the N'type well formed on 
the P type \silicon substrate surface; the P'type well formed on 
this N'type \ell surface; the P + layer and the N + layer formed on 
this P'type well surface apart from each other; and the insulation 
material instated on the P type silicon substrate surface between 
these P + layer aim N + layer, wherein the P type silicon substrate 
and the P'type well may be insulated by the insulation material 
for isolation (ClaVm 28) . In this case, in the ESD protection 
apparatus according \o Claims 1,2,4,6 and 8 or 10 , the conductive 
type P and N may be taken as the reverse conductive type N and 
P, respectively (Claim 29) . 

An ESD protection Apparatus of the present invention may 
further have the following constitution (claim 30). The diode 
comprises a P " type well formeoon the surface of a silicon substrate , 
an N + type layer and a P + typ\ layer formed on the P* type well 
surface at an interval from eaclAother, and a dummy gate electrode 
formed on the P' type well via an okisulation film and between the 
N + type layer and the P + type layeAand connected with a ground 
terminal. In this case, the elec tric^f ield between the N + layer 
and the dummy gate electrode is intensified, the ESD trigger at 
a lower voltage. Incidentally, the conductive type P and N may 
be the reverse conductive type N and P, respectively (Claim 31) . 
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A mtethod for fabricating an ESD protection apparatus relevant 
to the Aresent invention is a method for fabricating an ESD 
protection apparatus according to claim 1 and comprises the 
f ollowingl steps (claim 32) . (1) A first step of simultaneously 
forming amN" type well of a CMOS transistor composing the inner 
circuit andean N" type well for connector connection to be connected 
with the collector of the longitudinal bipolar transistor on a 
P type silicon substrate. (2) A second step of simultaneously 
forming a collector N" type well to be a collector of the longitudinal 
bipolar transistor and an N" type well of the diode on the P type 
silicon substrate. (3) A third step of simultaneously forming 
a P* type layer \o be a base in the collector N* type well of the 
longitudinal bipolar transistor and a P" type layer to be an anode 
in the N" type well of the diode . (4) A fourth step of simultaneously 
forming an N + type lWr in the P' type well of the CMOS transistor, 
an N + type layer inVhe N* type well for collector connection of 
the longitudinal bipolar transistor, an N + type layer to be an 
emitter in the P* type lkyer of the longitudinal bipolar transistor, 
and an N + type layer to be a cathode in the P" type layer of the 
diode. (5) A fifth steAof simultaneously forming a P + type layer 
on the N* type well of l|he CMOS transistor, a P + type layer on 
the P* type layer of the longitudinal bipolar transistor, and a 
P + type layer on the P" type layer of the diode. In this case, 
the method for fabricating the ESD protection apparatus according 
to Claim 2 allows the anode aid the cathode to be reversed (Claim 
33) . 

An ESD protection apparatus relevant to the present invention 
can be fabricated simultaneously in the fabrication process of 
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a CMOS transistor except the steps (2) and (3) . Since the steps 
(2) and (3) comprise ion implantation in the same parts, required 
is only one sheet of mask to be added in the conventional CMOS 
transistor fabrication process. 
5 Further, the ESD protection apparatus fabrication method may- 

further comprise a step of forming a dummy gate electrode 
simultaneously with a gate electrode of the CMOS transistor in 
the region where the collector N" type well of the longitudinal 
bipolar transistor and N* type well of the diode are formed in 
(llO the second ste\ (2) . Incidentally, the dummy gate electrode is 
to prevent connection between the N + type layers of the longitudinal 
bipolar transistor and the diode formed in the step (4) and the 
P + type layers of the^Longi tudinal bipolar transistor and the diode 
formed in the step \s) in the subsequent steps (claim 34) . 
15 Alternatively, the ESt\ protection apparatus fabrication method 
may further comprise a s\ep of forming an insulation layer which 
prevents connection betwe\n the N + type layers of the longitudinal 
bipolar transistor and the\diode formed in the step (4) and the 
P + type layers of the longitudinal bipolar transistor and the diode 
20 formed in the step (5) in thd subsequent steps (claim 35) . In 
the method for fabricating the E£!D protection apparatus relevant 
to the present invention also, t\e conductive type P and N may 
be the reverse type N and P, respectively (Claim 36) . 

In other words, as a method for protecting a semiconductor 
25 device from electrostatic discharge (ESD), the present invention 
provides a structure of an ESD protection apparatus in which a 
trigger element working at a low voltage and a longitudinal bipolar 
transistor are formed employing a fabrication method mutually 
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compatible with a conventional CMOSFET fabrication process and 
which prevents electric current concentration and provides high 
ESD withstand level by enabling the trigger element to work at 
a lower voltage at which the gate insulation film of a MOS transistor 
5 in the inside is not broken at the time when the electrostatic 
pulses are applied to the input/output pad or an electric power 
source pad and making the longitudinal bipolar transistor work 
by the triggered electric current , and releasing the large quantity 
13 of electric charge in the longitudinal direction of the silicon 

m 10 substrate and the present invention provides a method for 
jlj fabricating an ESD protection apparatus with such a structure. 

Ul BRIEF DESCRIPTION OF THE DRAWINGS 

M FIG. 1 is a circuit diagram illustrating a first embodiment 

ill 

H 15 of an ESD protection apparatus of the present invention; 

O FIG. 2 is a plan view of the ESD protection apparatus of FIG. 

lass 

1; 
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is a longitudinal cross - sec t ion figure cut along the 
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ine in FIG. 2; 
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is a cross - sec tion 


figure showing the method for 
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the ESD protection 


apparatus of FIG. 2 and FIG. 3; 
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is a cross - sec tion 


figure showing the method for 
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the ESD protection 


apparatus of FIG. 2 and FIG. 3; 
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is a cross - sec tion 


figure showing the method for 
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the ESD protection 


apparatus of FIG. 2 and FIG. 3; 
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is a graph showing the vol tage - ampere characteristic 



in case of applying electrostatic pulses of ESD to the pad in the 
ESD protection apparatus of FIG. 1; 



FIG. 8 is a graph showing the breakdown current values per 
unit length in case of using the ESD protection apparatus of FIG. 
1 and in case of using a transverse parasitic bipolar transistor, 
a conventional MOS transistor; 

FIG. 9 is a circuit diagram illustrating a second embodiment 
of an ESD protection apparatus of the present invention; 

FIG. 10 is a plan view illustrating a third embodiment of 
an ESD protection apparatus of the present invention; 

FIG. 11 is a longitudinal cross - sec tion figure cut along the 
XI-XI line in FIG. 10; 

FIG. 12 is a cross - sec tion figure showing the method for 
fabricating the ESD protection apparatus of FIG. 10 and FIG. 11; 

FIG. 13 is a cross - sec tion figure showing the method for 
fabricating the ESD protection apparatus of FIG. 10 and FIG. 11; 

FIG. 14 is a cross - sec tion figure showing the method for 
fabricating the ESD protection apparatus of FIG. 10 and FIG. 11; 

FIG. 15 is a cross - sec tion figure showing the method for 
fabricating the ESD protection apparatus of FIG. 10 and FIG. 11; 

FIG. 16 is a circuit diagram illustrating a fourth embodiment 
of an ESD protection apparatus of the present invention; 



FI^. 17 is a plane vi< 
'ig 16; \ 



FI^17 is a plane view of the ESD protection apparatus in 



FIG. 18 is a longitudinal cross - sec tion figure cut along the 
XVIII-XVIII line in FIG. 17; 

FIG. 19 is a cross - sec tion figure showing the method for 
fabricating the ESD protection apparatus of FIG. 16; 

FIG. 20 is a cross - section figure showing the method for 
fabricating the ESD protection apparatus of FIG. 16; 
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FIG. 21 is a plan view illustrating a fifth embodiment of 
an ESD protection apparatus of the present invention; 

FIG. 22 is a longitudinal cross - sec tion figure cut along the 
XXII-XXII line in FIG. 21; 

FIG. 23 is a plan view illustrating a sixth embodiment of 
an ESD protection apparatus of the present invention; 

FIG. 24 is a longitudinal cross - sec tion figure cut along the 
XXIV-XXIV line in FIG. 23; 

FIG. 25 is a cross - sec tion figure illustrating a seventh 
embodiment of an ESD protection apparatus of the present invention ; 

FIG. 26 is a circuit diagram showing a eighth embodiment of 
the ESD protection apparatus relevant to the present invention; 

FIG. 27 is a longitudinal cross - sec tional view of the ESD 
protection apparatus of FIG. 26; 

FIG. 28 is a graph showing a comparison result of 
characteristics of a trigger element using the breakdown of an 
inverse diode and the trigger element multis tage - connecting the 
forward diodes in series; 

FIG. 29 is a graph showing an electric current voltage 
characteristic at the time when electrostatic pulses of the ESD 
are applied to the pad in the ESD protection apparatus of FIG. 
2 6 ; 

FIG. 30 is a circuit diagram showing a ninth embodiment of 
the ESD protection apparatus relevant to the present invention; 

FIG. 31 is a cross - sec tional view of a tenth embodiment of 
the ESD protection apparatus relevant to the present invention; 
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FIG. 32A is a cros s - sec tional view showing a diode comprising 
a P + layer/an N well formed in the existing CMOS process in the 
eighth embodiment ; 

FIG. 32B is a cross - sec tional view showing one portion of 
5 the longitudinal bipolar transistor in the tenth embodiment; and 

FIG. 33 is a graph showing the vol tage - ampere characteristic 
in case of applying electrostatic pulses of ESD of a pad in a 
conventional technique . 



10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 to FIG. 3 illustrates a first embodiment of an ESD 
protection apparatus relevant to the present invention and FIG. 

1 is a circuit diagram, FIG. 2 is a plan view, and FIG. 3 is a 
longitudinal cross - sec tion figure along the III-III line in FIG. 

15 2. Hereinafter, description will be given wi th reference to these 
figures. The ESD protection apparatus of this embodiment works 
as an input buffer protection circuit. 

The Esi& protection apparatus of this embodiment is installed 
between an intout terminal (an input pad) 6 of a semiconductor 
20 integrated circuit chip and a CMOS transistor 100 and comprises 
a trigger elementWo comprising diodes 311, 312 which are broken 
down by overvol tage\pplied to the input terminal 6 and an ESD 
protection element 2 1 oVompr ising longitudinal bipolar 
transistors 211, 212 f or\i scharging the accumulated electric 
25 charge of the input terminal l^by being electrically communicated 
owing to the breakdown of the diodes 311 , 312. Incidentally, FIG. 

2 and FIG. 3 show only the longitudinal bipolar transistor 211 
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as some o\ ESD protection element 210 and only the diode 311 as 
some of th\ trigger element 310. 

The CMdfe transistor 100 is a CMOS inverter comprising an NMOS 
transistor 1o\l and a PMOS transistor 102. Regarding the diode 
5 311, the cathode is connected with the input terminal 6 and the 
anode is connected with the base of the longitudinal bipolar 
transistor 211 . ^Regarding the diode 312 , the cathode is connected 
with an electric p&wer terminal 7 and the anode is connected with 
the base of the longitudinal bipolar transistor 212. A resistor 
10 313 is connected with tkhe anode of the diode 311 and a ground terminal 
8. A resistor 314 is\onnected between the anode of the diode 
312 and the input termina\6 . The longitudinal bipolar transistors 
211, 212 are both NPN typ\. Regarding the longitudinal bipolar 
transistor 211, the collected is connected wi th the input terminal 
15 6 and the emitter is connected with the ground terminal 8 

Regarding the longitudinal bip\lar transistor 212, the collector 
is connected with electric powe\ terminal 7 and the emitter is 
connected with the input terminal^. The resistors 313, 314 are 
made of a singly crystal silicon, a\?olysilicon, a metal or the 
20 like formed in the same semiconductor integrated circuit chip, 
Since today it has swiftly been promote to make the gate 
insulation film of a CMOS transistor thinner, it is required for 
the ESD protection apparatus 210 works at a \ower voltage at which 
the gate insulation film of the CMOS transistor 100 is broken, 
25 In this embodiment, the base potential of the longitudinal bipolar 
transistors 211, 212 is increased by voltage decreased at the time 
when the trigger current, which is the breakdown cSurrent of the 
diodes 311, 312, flows in the resistors 313, 314 tx^ turn on 
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longitudinal bipolar transistors 211, 212. Consequently, the 
large quantity of the electric charge attributed to the static 
electricit\ accumulated in the input terminal 6 is released in 
the longitudinal direction of the silicon substrate. As a result, 
5 electric currei^t concentration can be prevented and a high ESD 
withstand level be obtained. 

To form the trigger element 310 comprising the ESD protection 
element 210 comprising longitudinal bipolar transistors 211, 212 
and the diodes 311, 312 can be carried out by adding only one ion 
10 implantation mask in the common fabrication process of a CMOSFET. 
Hereinafter, the fabrication method will be described with the 
reference to FIG. 2 and FIG. 3. 

At first, the ESD protection element 210 will be described. 
Simultaneously with the N + type diffusion layer 1 of the CMOS 
15 transistor 100, the collector lead parts 10 and the emitters 11 
are formed and simultaneously with the P + type diffusion layer 
2 of the CMOS transistor 100, the base lead parts 12 are formed. 
The dummy gate electrodes 13 formed simultaneously with the gate 
electrodes 3 of the CMOS transistor 100 are employed in order to 
20 separate the silicide of the emitters 11 and the base lead parts 
12. The dummy gate electrodes 13 are not for applying potential 
but separate the silicide . Opening parts 5 0 are formed in a resist 
using an additional mask for ion implantation and ion implantation 
is carried out to simultaneously form the P* region bases 16 and 
25 the collector N wells 17 . The collector N wells 17 formed at that 
time and the collector leadparts 10 formed separately are connected 
with each other by the N wells 14 for connection simultaneously 
formed with the N well 5 of the CMOS transistor 100 . Consequently, 
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longitudinal bipolar transistors can be fabricated utilizing the 
CMOS process. Incidentally, the ion implantation may be carried 
out either before or after of the formation of the gate electrodes 
3 . 

5 The trigger element 310 will be described next. The N + P" type 

diode has the same structure as the emitters 11 and bases 16 of 
the ESD protection element 210 and simultaneously with the N + type 
diffusion layer 1 of the CMOS transistor 100, the N + part 21 is 
formed and simultaneously with the P + type diffusion layer 2 of 

10 the CMOS transistor 100, the lead parts 22 of the P" parts 26 are 
formed. Consequently, it is enabled to set a desired trigger 
voltage and the leakage level in the opposed direction. 

FIG. 4 to FIG. 6 are cross - section illustrations illustrating 
the method for fabricating the ESD protection apparatus of this 

15 embodiment. Hereinafter, the method for fabricating the ESD 

protection apparatus of the present invention will be described 
in details. 

At first, as illustrated in FIG. 4, simultaneously with 
formation of N well 5 of CMOS transistor 100, collector lead parts 

20 10 and N wells 14 for connection of the ESD protection element 
210 are formed . The doping concentration of these regions is about 
10 17 /cm" 3 to 10 18 /cm" 3 . Also, simultaneously with formation of the 
gate electrodes 3 of the CMOS transistor 100, the dummy gate 
electrodes 13 of the ESD protection element 210 and a dummy gate 

25 electrode 23 of the trigger element 310 are formed. That is for 
preventing the emitters 11 and the base lead parts 12 of the ESD 
protection element 210 from being connected with the silicide 
formed later on the diffusion layer. In the same manner, that 
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is for preventing the N + part 21 and the lead parts 22 of trigger 
element 310 from being connected with the silicide later. 

Successively, using opening parts 50 of a resist with a 
prescribed shape as a mask as illustrated in FIG . 5, ion implantation 
5 in about 10 18 /cm' 3 dose is carried out to form the bases 16 of the 
ESD protection element 210 and continuously ion implantation in 
about 10 18 /cm* 3 dose is carried out to form the collector N wells 
17. At that time, the P* part 26 and the N well 27 of the trigger 
element 310. are simultaneously formed. 

10 Successively, as illustrated in FIG. 6, simultaneously with 

formation of the N + type diffusion layer 1 of the CMOS transistors 
100, the collector lead parts 10, emitters 11, N + parts 21, and 
the like are formed. 

Successively, as illustrated in FIG. 3, simultaneously with 

15 the P + type diffusion layer 2 of the CMOS transistors 100, the 
base lead parts 12 and lead parts 22 are formed. Finally, wirings 
are formed on these upper layers to form a circuit as illustrated 
in FIG. 1. 

Next, the operation of the ESD protection apparatus of this 
20 embodiment will be described with the reference to FIG. 1 and FIG. 
3 . 

The following description is of the operation at the time 
when the electrostatic pulses are applied to the input terminal 
6. At first , when pulses of positive ESD relative to the ground 
25 terminal 8 are applied to the input terminal 6, high voltage is 
applied to the ESD protection element 210, trigger element 310, 
and thegate insulation f ilmof the CMOS transistors 100 . Therefore, 
it is required to release the electric charge by ESD by operation 




of the ESD protection element 210 before the gate insulation film 
of the CMOS transistors 100 is broken down. 

If the gate insulation film of the CMOS transistors 100 is 
4 nm, the gate insulation film is broken by stress of constant 
5 vol tage of about 8V . That is, it is required for the ESD protection 
element 210 to operate at a voltage lower than that. However, 
in the case where the ESD protection element 210, which comprises 
longitudinal bipolar transistors, is formed, since the withstand 
voltage between the collector N wells 17 and the P" region bases 

10 16 are about as high as 10V, it is insufficient to protect the 
CMOS transistors 100 whose gate insulation film is thin and fine 
only by the ESD protection element 210. 

Hence, it is required to form the trigger element 310 which 
operates at a voltage as low as possible and not lower than the 

15 electric power source voltage . Since the P" part 26 of the trigger 
element 310 is formed by ion implantation, a desired trigger vol tage 
or leakage level in the opposed direction can be set by controlling 
the dose quantity and it is easy to obtain trigger voltage of about 
4 V. 

20 FIG. 7 shows the vol tage - ampere characteristic in case of 

electrostatic pulses application to the pad. At first, when the 
trigger element 310 works at about 4 V, the resultant trigger current 
and the resistor 313 increase the base potential of the ESD 
protection element 210 to start the ESD protection element 210. 

25 When the ESD protection element 210 starts working, the electric 
charge applied to the input terminal 6 by the ESD can be released 
to the ground terminal 8 through the longitudinal bipolar 
transistor 211. Consequently, if the withstand voltage of the 
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gate insulation film of the inner circuits of the CMOS transistors 
100 is 8 V, the electric charge can be released at a lower voltage 
than that, so that the breakdown of the gate insulation film can 
be prevented. 

Further, when pulses of negative ESD are applied to the input 
terminal 6 in relation to the ground terminal 8 , since the collector 
N wells 17 and the P substrate 51 of the ESD protection element 
210 shown in FIG. 3 are in N + /P" normal direction, electric charge 
can smoothly be released. 

FIG. 8 shows the breakdown electric current values per unit 
length in case of using the ESD protection apparatus of the present 
invention and in case of using a transverse parasitic bipolar 
transistor , which is a conventional MOS transistor . The breakdown 
electric current of the ESD protection element of this embodiment 
comprising longitudinal bipolar transistors is higher than that 
of an ESD protection element comprising transverse bipolar 
transistors. Also, if the inner gate insulation film is as thin 
as about 2 nm, the breakdown electric current is sharply lowered 
in case of the transverse bipolar transistors, the decrease is 
slight in case of the longitudinal bipolar transistors. 

FIG. 9 is a circuit diagram showing a second embodiment of 
an ESD protection apparatus relevant to the present invention. 
Hereinafter, description will be given with reference to the figure 
The ESD protection apparatus of this embodiment works as an electric 
power source protection circuit. 

The ESD protection apparatus of this embodiment is installed 
between an electric power terminal (an electric power pad) 7 of 
a semiconductor integrat^^l circuit chip and an inner circuit 103 



and comprises a trigger element 315 comprising a diode 316 to be 
broken down b\overvol tage applied to the electric power terminal 

7 and an ESD protection element 213 comprising a longitudinal 
bipolar transistor 214 for discharging the accumulated electric 
charge of the eleAric power terminal 7 by being electrically 
communicated owing t\ the breakdown of the diode 316. 

Regarding the diode 316, the cathode is connected with the 
electric power terminal 7 and the anode is connected with the base 
of the longitudinal bipolar transistor 214. A resistor 317 is 
connected between the anode of the diode 316 and a ground terminal 
8. Regarding the longitudinal bipolar transistor 214, it is NPN 
type, and the collector is connected with the electric power 
terminal 7 and the emitter is connected with the ground terminal 

8 . 

The plan view and the cross - sec t ion figure are same as FIG. 
2 and FIG. 3 except the reference numerals. Consequently, the 
ESD protection apparatus of this embodiment also performs the same 
functions and effects. 

FIG. 10 to FIG. 15 illustrate a third embodiment of an ESD 
protection apparatus relevant to the present invention. FIG. 10 
shows a plan view, FIG. 11 shows the longitudinal cross - sec tion 
figure cut along the XI-XI line in FIG. 10, and FIG. 12 to FIG. 
15 show the cross - sec tion figures illustrating the fabrication 
method. Hereinafter, description will be given with reference 
to these figures. Incidentally, the same reference numerals are 
assigned to these same as the parts in FIG. 2 and FIG. 6 and their 
description is omitted. 
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The ESD protection apparatus of this embodiment is an example 
in which insulation films 18, 28 (Si0 2 orSiN) covering the diffusion 
layer as to prevent silicide formation are used for resistor element 
formation in place of the dummy gate electrodes 13 , 23 for silicide 
5 separation (in FIG. 2 and FIG. 3). 

At first, as illustrated in FIG. 12, simultaneously with 
formation of the N well 5 of the CMOS transistors 100, the N well 
14 for connection with the collector lead parts 10 of the ESD 
protection element 200 is formed. 
10 Successively, as illustrated in FIG . 13, using opening parts 

-50 of a resist with a prescribed shape as a mask, ion implantation 
is carried out to form the bases 16 of the ESD protection element 
200 and continuously ion implantation is carried out to form the 
collector N wells 17. At that time, the P" part 26 and the N well 
15 27 of the trigger element 300 are simultaneously formed. 

Successively, as illustrated in FIG . 14, simultaneously with 
formation of the N + type diffusion layer 1 of the CMOS transistors 
100, the collector lead parts 10, emitters 11, N + parts 21, and 
the like are formed. 
20 Successively, as illustrated in FIG . 15, simultaneously with 

the P + type diffusion layer 2 of the CMOS transistors 100, the 
base lead parts 12, lead parts 22, and the like are formed. 

Successively, as illustrated in FIG. 11, the insulation film 
18 in ESD protection element 200 and the insulation film 28 in 
25 the trigger element 310 are formed. That is for preventing the 
connection of the emitters 11 and the base lead parts 12 of ESD 
protection element 200 with each other by the silicide formed in 
the diffusion layer thereafter. Simultaneously, that is also for 



preventing the connection of the N + part 21 and the lead parts 
22 of trigger element 300 with each other by the silicide. 

Finally, wirings are formed on these upper layers to form 
a circuit as illustrated in FIG. 1. 
5 FIG. 16 to FIG. 18 illustrate a fourth embodiment of an ESD 

protection apparatus relevant to the present invention. FIG. 16 
shows a circuit diagram, FIG. 17 shows a plan view, and FIG. 18 
shows the longitudinal cross - sec tion figure cut along the 
XVIII-XVIII line in FIG. 17. Hereinafter, description will be 

10 given with reference to these figures. In the ESD protection 
apparatus of this embodiment, the trigger element is also used 
as a longi tudinal bipolar transistor of the ESD protection element . 

The BSD protection apparatus of this embodiment is installed 
between an\lectric power terminal (an electric power pad) 7 of 

15 a semiconductor integrated circuit chip and an inner circuit 103 
and comprises Ik trigger element 400 comprising a diode 402 to be 
broken down by ovfervoltage applied to the electric power terminal 
7 and an ESD protection element 200 comprising a longitudinal 
bipolar transistor 2^01 for discharging the accumulated electric 

20 charge of the electri\ power terminal 7 by being electrically 
communicated owing to dae breakdown of the diode 402. 

The diode 402 is between the collector and the base of the 
longitudinal bipolar transistor 401. The cathode of .the diode 
402, which the collector of the longitudinal bipolar transistor 

25 401, is connected with the electric power terminal 7 and the anode 
of the diode 402, which is the base of the longitudinal bipolar 
transistor 401, is connected with the base of the longitudinal 
bipolar transistor 201. A resistor 403 is connected between the 
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anode of the diode 402, which is the base of the longi tudinal bipolar 
transistor 401, and a ground terminal 8. Regarding the 
longitudinal bipolar transistors 201, 402, they are NPN type, and 
the collector is connected with the electric power terminal 7 and 
5 the emitter is connected with the ground terminal 8. 

In this embodiment, emitter lead parts 40 are formed in the 
trigger element 400 and connected as illustrated in FIG. 16 and 
FIG. 18. By connecting in such a manner, the longitudinal bipolar 
transistor 401 is formed in the trigger element 400 and the trigger 

10 element 400 can work as an ESD protection element. The base 
potential of the longitudinal bipolar transistors 201, 401 is 
increased by the trigger current of the diode 402 composed of the 
N + part (the collector) 41 and the P' part (the base) 46 of the 
trigger element 400 and the resistor 403 and owing the cooperation, 

15 the electric charge attributed to the static electricity 

accumulated in the electric power terminal 7 can be released by 
both of them. Incidentally, although the ESD protection apparatus 
of this embodiment is employed as the electric power pad, it may 
be also employed as an* input pad or an output pad by installing 

20 two as same in the first embodiment. 

FIG. 19 and FIG. 20 are cros s - sec t ion figures illustrating 
the method for fabricating the ESD protection apparatus of this 
embodiment. Hereinafter, detailed description of the method for 
fabricating the ESD protection apparatus of this embodiment will 

25 be given with reference to FIG. 18 to FIG. 20. 

At first, simultaneously with formation of N well 5 of the 
CMOS transistors 100, N wells 14 for connection for the collector 
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lead parts 10 of the ESD protection element 200 and N wells 44 
for emitter connection of the trigger element 400 are formed. 

Successively, as illustrated in FIG . 19 # using opening parts 
50 of a resist with a prescribed shape as a mask, ion implantation 
is carried out to form the bases 16 of the ESD protection element 
200 and continuously ion implantation is carried out to form the 
collector N wells 17 . At that time, the P" part 46 and the emitter 
N well 47 of the trigger element 400 are simultaneously formed. 

Successively, as illustrated in FIG. 20, simultaneously with 
formation of the N + type diffusion layer 1 of the CMOS transistors, 
the collector lead parts 10 and emitters 11 of the ESD protection 
element 200, as well as the emitter lead parts 40 and collector 
41 of the trigger element 400 are formed. Further, simultaneously 
with formation of the P + type diffusion layer 2 of the CMOS 
transistors 100, the base lead parts 12 and lead parts 42 of the 
P" parts 46 to be base of the trigger element 400 are formed. 

The insulation film 18 of the ESD protection element 200 and 
the insulation film 48 of the trigger element 400 are formed. That 
is for preventing the emitters 11 and the base lead parts 12 of 
the ESD protection element 200 from being connected with the 
silicide formed later on the diffusion layer. In the same manner, 
that is for preventing the N + part 41 and the lead parts 42 of 
trigger element 400 from being connected with the silicide later. 

Finally, wirings are formed on these upper layers to form 
a circuit as illustrated in FIG. 16. 

FIG. 21 to FIG. 22 illustrate a fifth embodiment of an ESD 
protection apparatus relevant to the present invention. FIG. 21 
shows a plan view and FIG. 22 shows the longitudinal cross - sec tion 




figure cut along the XXII-XXII line in FIG. 21. Hereinafter, 
description will be given with reference to these figures. In 
the ESD protection apparatus of this embodiment, the collector 
of the ESD protection elements is utilized in common in order to 
miniaturize the surface area. 

The ESD protection apparatus 230 of this embodiment comprises 
one collector N well 17 1 by making two collector N wells 17 in 
common in the ESD protection element 200 of the third embodiment 
illustrated in FIG. 10 and FIG. 11. The surface area is 
miniaturized by using collector lead parts 10 only in both ends 
of the collector N well 17 1 . The method for fabricating the ESD 
protection apparatus of this embodiment is same as that of the 
third embodiment illustrated in FIG. 12 to FIG. 15. 

FIG. 23 to FIG. 24 illustrate a sixth embodiment of an ESD 
protection apparatus relevant to the present invention. FIG. 23 
shows a plan view and FIG . 2 4 shows the longi tudinal cross - section 
figure cut along the XXIV-XXIV line in FIG. 23. Hereinafter, 
description will be given with reference to these figures. In 
the ESD protection apparatus of this embodiment , the ESD protection 
element and the trigger element are made in common in order to 
miniaturize the surface area. 

The ESD protection elements 240 and the trigger element 310 
of this embodiment are formed by combining two bases 16 and the 
P' part 26 of the ESD protection element 200 and the trigger element 
300 in the third embodiment illustrated in FIG. 10 and FIG. 11 
into one base 16 1 and at the same time combining two collector 
N wells 17 and the N well 27 of the ESD protection element 200 
and the trigger element 300 in the third embodiment into one 
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collector N well 19. The surface area is miniaturized by using 
collector lead parts 10 of the ESD protection elements 240 only 
in both ends. The method for fabricating the ESD protection 
apparatus of this embodiment is same as that of the third embodiment 
5 illustrated in FIG. 12 to FIG. 15. 

FIG. 25 illustrates the longitudinal cross - sec tion figure 
of a seventh embodiment of an ESD protection apparatus relevant 
to the present invention. Hereinafter, description will be given 
with reference to the figure. In the ESD protection apparatus 

10 of this embodiment, the ESD protection element is made to be a 
trigger element capable of triggering at lower voltage. 

The ESD protection apparatus of this embodiment is same as 
the first embodiment except that the dummy gate electrode 23 of 
the trigger element 310 is fixed in the ground. In case of fixing 

15 the dummy gate electrodes 23 of the trigger element 310 in the 
ground, the electric field is intensified between the N + part 21 
and the dummy gate electrodes 23, so that triggering is caused 
at a lower voltage. 

FIG. 26 and FIG. 27 show a eighth embodiment of the ESD 

20 protection apparatus relevant to the present invention, FIG. 26 
is a circuit diagram and FIG. 27 is a cross - sec tional view. 
Hereinafter, description will be given with reference to these 
drawings. Parts identical with those in FIGS. 1 and 3 are given 
the same reference numerals as in FIGS. 1 and 3, and description 

25 thereof will be omitted. The ESD protection apparatus of the 
present embodiment acts as an input buffer protection circuit. 

The ESD protection apparatus of the present embodiment is 
installed between an incut terminal (an input pad) 6 of a 
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semiconductor integrated circuit chip and a CMOS transistor 100 
and comprises a trigger element 510 comprising diodes 511, 512 
which arfe broken down by overvoltage applied to the input terminal 
6 and an ESEkprotec tion element 210 comprising longitudinal bipolar 
5 transistors\211 , 212 for discharging the accumulated electric 
charge of the raput terminal 6 by being electrically communicated 
owing to the breakdown of the diodes 5-11, 512. The diodes 511, 
512 are a pluralilW of diodes connected in series, and the 
overvoltage is a forward voltage for the diodes 511, 512 and the 

10 breakdown is a substantial breakdown by being electrically 

communicated. Incidentally, the diodes 511 , 512 are illustrated 
in FIG. 26 as four dio.desVconnected in series, but in FIG. 27 
simplified and illustrated two diodes connected in series for 
convenience's sake. 

15 Regarding the diode 511, a cathode is connected with a base 

.of the longitudinal bipolar transistor 211 and an anode is connected 
with the input terminal 6. Regarding the diode 512, the cathode 
is connected with the base of the longitudinal bipolar transistor 
: 212 and the anode is connected with an electric power source terminal 

20 - 7. A resistor 313 is connected between the cathode of the diode 
511 and a ground terminal 8. A resistor 314 is connected between 
the cathode of the diode 512 and the input terminal 6. 

The longitudinal bipolar transistor 211, 212 use the same 
transistors as those of a first embodiment. The diodes 511, 512 

25 are formed by an N+ diffusion layer 1, a P+ diffusion layer 2 and 
an N well 5 and the like which are formed at the time of the usual 
CMOS process. 



In the first embodiment , for the trigger element , the breakdown 
of the inverse diode was utilized. In contrast, in the present 
embodiment, the trigger element 510 multistage-connected for 
raising a forward diode equal to or more than an electric power 
source voltage is employed. 

Especially, a low voltage operation device having equal to 
or less than 1.5V has an extremely thin gate insulation film and 
therefore is broken down by application of equal to or more than 
5V. For realizing low voltage trigger capable of preventing the 
breakdown of the gate insulation film in this voltage range, the 
present embodiment is effective. In the present embodiment, by 
changing serial connection stages of the diode corresponding to 
the electric power source voltage, a desired trigger voltage can 
be secured. 

FIG. 28 is a graph showing a comparison result of the 
characteristics of the trigger element utilizing the breakdown 
of the inverse diode and the trigger element multistage - connecting 
the forward diodes in series. Hereinafter, description will be 
given with reference to this illustration. 

Regarding utilization of the inverse breakdown, when the 
triggering at a voltage equal to or less than 5V is to be performed, 
by thickening the concentration of coupling, the lowering of the 
voltage to a certain degree is possible. However, before the 
breakdown, a zener leak is increased, thereby causing a drawback 
which is an increase of an off leak at the usual LSI operation 
time. For this reason, the lowering of the breakdown voltage to 
equal to or more than this is difficult. Hence, by using the trigger 
element f or mul t i s tage - connec t ing the forward diodes and supplying 
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the electric current to the base of the longitudinal bipolar 
transistor, the ESD protection element triggering at much lower 
voltage can be realized. 

FIG. 29 is a graph showing an electric current voltage 
characteristic when an ESD electrostatic pulse is applied to a 
pad in the ESD protection apparatus of the present embodiment. 
Hereinafter, description will be given with reference to this 
illustration . 

If \ trigger voltage of one stage portion of the diode is 
taken as \nf (about 0.6V), the trigger voltage Vf of the diodes 
of four stages connected in series is Vf x 4 - about 2.4V. When 
a surge of the^ESD is applied to the pad and exceeds 2.4V, the 
forward series connection diodes are electrically communicated 
and inject the eleotric current into the base of the longitudinal 
bipolar transistor A By this trigger electric current, the 
longitudinal bipolar transistor which is a protection element of 
a high driving force starrfe operation, thereby discharging a charge 
of the ESD. ^ 

In recent years, the CMOS device operating at a low voltage 
of about 1.2V uses an extremely thin gate insulation film having 
a thickness of about equal to or less than 2.5 nm . The breakdown 
withstand pressure of this gate insulation film is about 4V to 
5V. In such a case, by multistage-connecting the forward diodes 
in series and setting the triggering voltage in such a manner as 
to be larger than the electric power voltage of the CMOS inner 
circuit, no malfunction is caused during actual operation of the 
LSI and the triggering of the ESD discharge can be performed below 
the withstand pressure of the gate insulation film. 
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FIG. 30 is a circuit diagram showing a ninth embodiment of 
the ESD protection apparatus relevant to the present invention. 
Hereinafter, description will be given with reference to this 
illustration. The ESD protection apparatus of the present 
embodiment acts as an electric power source protection circuit. 

Th\ ESD protection apparatus of the present embodiment 
compriseska trigger element 515 comprising a diode 516 which is 
provided between the power source terminal 7 and the inner circuit 
103 of the semiconductor integrated circuit and is broken down 
10 by overvol tage\appl ied to an electric power source terminal 7, 
and an ESD protection element 213 comprising the longitudinal 
bipolar transistor\l4 for discharging the accumulated electric 
charge of the elec trie V>wer source terminal 7 by being electrically 
communicated owing to tnte breakdown of the diode 516. The diode 
15 516 isapluralityof diodes \pnnec ted inseries, and the overvol tage 
is a forward voltage for tnfe diode 516 and the breakdown is a 
substantial breakdown by beirv^ electrically communicated. 

Regarding the diode 516, a cathode is connected with a base 
of the longitudinal bipolar transistor 214 and an anode is connected 
20 with the electric power source terminal 7. A resistor 317 is 
connected between the cathode of the diode 516 and a ground terminal 
8. A longitudinal bipolar transistor 214 is of NPN type, and its 
collector is connected with the electric power source terminal 
7, and its emitter is connected with the ground terminal 8. 
25 A cross - sec tional view thereof corresponds to FIG-. 27. 

Consequently, the ESD protection apparatus of the present 
embodiment also performs the same functions and effects as the 
eighth embodiment . 
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FIG. 31 is a cross - sec tional view showing a tenth embodiment 
of the ESD protection apparatus relevant to the present invention. 
Hereinafter, description will be given with reference to the 
illustration. Incidentally, the circuit diagram of the ESD 
protection apparatus of the present embodiment is the same as the 
eighth embodiment (FIG. 26) . 

In the present embodiment , as a trigger element 51 0 , the diodes 
simultaneously formed at the time when the longitudinal bipolar 
transistor is formed are used by connecting them in series in a 
forward direction. In the eighth embodiment as shown in FIG. 27, 
a diode comprising P + layers 2/an N well 5 is used. In contrast, 
in the present embodiment, a diode comprising an N + layer 521/a 
P'layer 526 formed at the time when the longitudinal bipolar 
transistor is formed is used., In a high electric current area 
at a time such as the ESD charge discharging time, a resistance 
of a well is dominant and this resistance determines a discharging 
capacity. 

Regarding the diode comprising P + layers 2/an N well 5 as 
shown in FIG.* -27, the electric current flows under a separation 
region and therefore a resistance is increased. In contrast to 
this, in the present embodiment, a separation, be tween the P + layer 
522/the N + layer 521 is performed by a dummy gate 523 at a formation 
time of the longitudinal bipolar transistor, and since adjustment 
of the concentration of the P'layer 526 is possible by additional 
injection of the longitudinal bipolar transistor, the- lowering 
of the resistance at the high electric current area is possible. 

In the diode corbprising the P + layers- 2/the N well 5 as shown 
in FIG. 27, since a parasitic longitudinal bipolar transistor 
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comprising the P + 2 layer/the N well 5/a P substrate 51 is formed, 
the electee current flowing into the P substrate 51 is generated. 
For this rejason, the electric current to be supplied to the 
longi tudinalYbipolar transistor which is a protection element is 
5 reduced. However, in the present embodiment, since an N well 527 
formed simul tanetou sly with a collector layer 17 of an ESD protection 
element 210 exist A the diode comprising the N + layer 521 /the P" layer 
526 can prevent thek electric current flowing in a longitudinal 
direction, and therefore the electric current can be supplied to 
10 the base of the ESD protection element 210 with high efficiency 
(refer to FIG. 32). Coirfeequently , according to the present 
embodiment, since a trigge\ electric current can be supplied to 
a base of the longitudinal bipolar transistor with high efficiency, 
the size of the trigger element can be reduced. 
15 Incidentally, the present invention i s , needless to mention, 

not limited to the foregoing first to the tenth embodiments. For 
example, the P type may be taken as the N type and the N type may 
be taken as the P type. Consequently, the NPN type may be taken 
as the PNP type with each N type and P type taken as the inverse 
20 conductive type. 

In an ESD protection apparatus of the present invention, since 
the breakdown voltage of a diode is used as a trigger of a 
longitudinal bipolar transistor, electric current concentration 
and electric field concentration are hardly caused in junction 
25 parts even if miniaturization is promoted and moreover the 

characteristic of triggering at a low voltage can be obtained. 
The method for fabricating an ESD protection apparatus of the 
present invention is make it easy to fabricate an ESD protection 
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apparatus of the present invention by adding only one mask in a 
common CMOS process . 

In other words, the effects, of the present invention is as 
follows. The first effect is that since electric current is 
released in the longitudinal direction by employing a longitudinal 
bipolar transistor, electric current concentration is suppressed 
as compared with the case of releasing the electric current in 
the transverse direction by using a conventional CMOSFET type 
parasitic bipolar transistor and consequently the ESD protection 
element itself is hardly broken. The second effect is that since 
the electric current to be discharged for the same surface area 
is high, the surface area required for an ESD protection element 
can be miniaturized and consequently decrease of the input capacity 
necessary for high speed operation can be performed. The third 
effect is that since a longi tudinal bipolar transistor and a trigger 
element can be formed by adding only one ion implantation mask 
for an ESD protection circuit in a common CMOSFET process, the 
fabrication method is carried out in a compatible process with 
the CMOSFET process . The fourth effect is that owing to the trigger 
element capable of working a low voltage, the breakdown of the 
gate insulation film in CMOSFET can be prevented . The fifth effect 
is that an element capable of triggering at a desired voltage can 
be form. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristic thereof. 
The present embodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather than by 




the foregoing description and all changes which come within the 
meaning and range of equivalency of the claims as therefore intended 
to be embraced therein. 

The entire disclosure of Japanese Patent Application No. 
2000-141304 (Filed on May 15 th , 2000) including specification, 
claims, drawings and summary are incorporated herein by reference 
in its entirety. 



